Introduction
Elastic constants of nematic liquid crystals (LC) play an important rôle on the macroscopic properties of these materials. As a consequence of this, a lot of experiments have been performed to measure elastic constants of nematic LC [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Most of the experiments concern the investigation of director deformations induced by magnetic or electric fields in thin layers of nematic LC [1] [2] [3] [4] [5] [6] [7] [8] . Other experiments concern the investigation of the light scattering from an uniformly aligned layer of nematic LC [9] [10] [11] . These latter experiments are affected by larger uncertainties. Other methods have been proposed but they do not seem to fumish a sufficient accuracy [12, 13] . Therefore experiments the magnetic (or electric) field is applied perpendicular to the director and a director distortion occurs when the field exceeds a threshold value Hc. By assuming strong anchoring of the director at the interfaces of the nematic layer one obtains [14] where d is the thickness of the layer, xa is the anisotropy of the diamagnetic susceptibility and Kii is an elastic constant (i = 1 splay, i = 2 twist, i = 3 bend). The three values of the index i correspond to three different experimental geometries [14] . Rapini and Papoular [15] investigated the sensitivity of the threshold field to small misalignments of the director and to a finite value of the anchoring energy. They found both these factors reduce the threshold field, in particular a 2°-misalignment of the director at the surfaces gives a reduction of 10 [6] as « modified » Freedericksz technique.
In a recent paper Grupp [16] proposed a new experimental method to measure the twist elastic constant of nematic LC. The method consists in measuring the elastic torque exerted by a twisted nematic layer on the surfaces. The two parallel plane glass plates which bound the nematic layer are treated in such a way as to induce a planar orientation of the director. The twist of the director-field is generated by rotating one of the two plates. The main drawback of this method is related to the long measuring time ( N a day) due to viscosity effects. In a recent paper [17] we showed that the measuring time can be largely reduced (to a few minutes) using thick nematic samples and generating the twist of the director field by means of a magnetic held.
In this paper we show that the experimental method of reference [17] Fig. 1 ) lies on the bottom of a cylindrical glass cell which is thermostated by a water thermal bath (T) with a temperature stability of 10 mK. The temperature is measured by means of a linear thermoresistor (TR in Fig.1 where k is the torsion coefficient of the quartz wire which is measured with an accuracy better than 0.5 %.
The elastic torque exerted by the nematic LC on the glass plate P can be calculated by using the elastic theory of LC [14] . Let S' be the surface of the glass plate and let S" be an ideal closed surface which bounds S'and lies far away from this surface where the director is uniformly aligned along the magnetic field. The elastic surface torque on the glass plate is balanced by the magnetic torque acting on the volume bounded by the surfaces S'and S ", tue.
where n is the director. The dependence of n on spatial coordinates is obtained by minimizing the total free energy 3 of the system [14] :
where n is the director. W(~0) is the anchoring energy on the glass plate [14] and (po is the angle between the director and the easy axis at this interface. As a first approximation the anchoring energy is usually assumed to have the simple form [ 18] :
where Wo is the anchoring energy coefficient. The Frank-Ericksen elastic constant K24 [19] is not included in equation (4) (4)) with respect to variations of 0 and ~0. Once 0 is found it can be substituted in equation (3) where ao is the angle between the easy axis of the director and the y-axis orthogonal to the magnetic field and S is the total area of the two plane surfaces of the glass plate. lpo is the angle of the director at the surface with respect to the easy axis. Equation (7) (Fig. 3a) we must consider that the orientation of the director n depends, by the symmetry of this system, only on the distance y' from the glass plate (n = n(y')). Therefore we can assume the director n lies in the x', y' plane i.e. (9) for (fJ(Y') with the boudary condition (10) From equation (9) we can deduce ~03B4/~y' : which can be substituted into equation (10) where S is the total area of the two planes surfaces of the glass plate P of figure 1. The signs + and ± in equations (12) and (13) (12) and (13) (6) to (13)). Therefore the surface torque measurements allow to obtain, in principle, both the elastic constants and the anchoring energy coefficient. Evidence for large deviations of i/S from a linear behaviour has been reported by us in a recent paper (23) where the azimuthal anchoring energy coefficient of the SiO-nematic interface was measured The accuracy of the anchoring energy measurements depends greatly on the values of the angles ao and a. Consider, for instance, the twist case (Eqs. (6) and (7) This contribution will be discussed in section 3.1. e) The inaccuracy of the magnetic field (~ 0.5 %). f) The inaccuracy due to the boundary effects which have been neglected in order to obtain equations (6) to (13 (Fig. 1) .
A great care is devoted to reduce spurious magnetic torques on the torsion pendulum. These spurious torques can be due to small residual gradients of the magnetic field, to capillarity effects and to the anisotropic shape of the glass plates P and M of figure 1 [25, 26] . The values of X,,, given in reference [25] are -8 % higher than those of reference [26] . The elastic constants of 5CB have been measured by Madhusudana and Pratibha [1] and by Bunning et al. [27] who used the Freedericksz transition technique. The threshold fields measured in these papers agree between them within a few per cent. Therefore, in the following we will refer only to the results of reference [27] . The authors of reference [27] obtained the elastic constants by using the xa-values given in reference [26] . Different values of the elastic constants can be obtained by using the same results of reference [27] but the magnetic anisotropy given in reference [25] . In the following we will denote these two sets of elastic constants and corresponding diamagnetic anisotropies as « DATA 1 » [26, 27] and « DATA II » [25, 27] [27] and the diamagnetic anisotropies given in references [26] and [25] . Our results indicated with and without the apostrophe have been obtained by using the torques measured in the present experiment and the diamagnetic anisotropies given in references [25] and [26] . strong enough. Since the relative accuracy on the measurement of i is ~ 2 %, we estimate from equations (12) and (13) an anchoring energy coefficient greater than 2 x 10-3 erg/cm2 in the whole range of nematicity of 5CB. This result is consistent with the value Wo -2 x 10-' erg/cm2 reported in reference [28] . The parameter A(l) = 03C4(i = 1) SH can be obtained by the best linear fit of the experimental results of figure 6 . The temperature dependence of A (1) is shown in figure 7 . The full and broken curves in figure 7 correspond to the theoretical torques calculated by substituting in equation (13) figure 8 . In this case, too, the linear dependence of 03C4 on the magnetic field indicates the anchoring of the director at the surface is strong enough. In particular we can estimate that the anchoring energy coefficient for the homeotropic alignment due to RBS is greater than 5 x 10-3 erg/cm. The best linear fit of the experimental results of figure 8 allows us to obtain the parameter A 3 = 03C4(i = 3) SH. The température dependence of A (3) is shown in figure 9 . The full and broken lines correspond to the theoretical values obtained by substituting in equation (13) the two sets of data I and II, respectively. Notice that in both the geometries i = 1 and i = 3 the measured torques lie between the full and broken curves. Therefore our results agree with those of reference [27] [25] and [26] .
The experimental values of il and K33 can be obtained from A(1) and A(3) by using the procedure already discussed in section 2. The values of K11 and K33 obtained in this way are reported in table I.
The elastic constants with and without the apostrophe have been obtained by using the diamagnetic anisotropies given in references [25] and [26] , respectively. As shown in section 2, the accuracy of K11 is poor (~ 50 %), whilst the accuracy of K33 is estimated of the order of 20 %.
More accurate values of K33 (~ 10 %) are obtained by using equation (13) together with the values of 1 measured by other methods [27] . The The full and broken curves correspond to the theoretical torques calculated by using the same procedure described in figure 7 . The value of the angle a is 10.b°.
the ~03B1 values given in references [26] and [25] , respectively. The full and broken curves correspond to the elastic constants K33 denoted as data 1 and II, respectively. Figure lOb shows the values of K33 obtained by using the experimental values of A(3). [26] and [25] . The Fig. 2 ).
In our opinion the torque technique finds its best application in the measurement of the twist elastic constant K22 of nematic LC. In fact the optical measurements of K22 from the Freedericksz threshold are particularly difficult and affected by large experimental errors [1] . On the contrary the measurements of the twist elastic constant by the torsion pendulum are the simplest ones since they concem a single experimental geometry (i = 2 in Fig. 2 ) [17] . An open question concerns the role played by the surface-like elastic constant introduced by Nehring and Saupe [20] . The 
